-azine adduct.
Metal-catalyzed carbene transfer from diazoalkanes to organic substrates has become a versatile technique in synthesis, and copper catalysts have been particularly well studied in this regard. 1, 2 Careful study of copper carbene complexes (CuQCR 2 ), the presumed reactive intermediates in these reactions, serves to deepen understanding of these coppercatalyzed transformations. Identifying factors that affect copper carbene stability, characterizing specific decomposition pathways, and understanding the nature of copper-diazoalkane interactions prior to copper-carbene bond formation are therefore issues of fundamental interest.
Whereas a-heteroatom stabilized copper carbenes are well known, 3 only two examples of non-heteroatom stabilized copper carbenes have been reported. Both of these derivatives are stabilized by bidentate, monoanionic N-chelates. The first such example was reported by Straub and Hofmann in 2001 and assigned using spectroscopic data. 4 Warren and co-workers later reported X-ray structural data for a b-diketiminato CuQCPh 2 complex. 5 Both of these systems mediate catalytic cyclopropanation reactions and employ diazoalkane precursors to generate the carbenes of interest. In this context we note that the presumed diazoalkane adduct intermediates en route to carbene formation were not observed, and to our knowledge no such species have been previously characterized for copper systems.
Our group has had an interest in exploiting (phosphino)borate ligands to stabilize mid-to-late first-row metals featuring metal ligand multiple bonds. 6 In this paper, we describe the utility of the bulky bis(phosphino)borate ligand 7 (4) . The X-ray crystal structures of complexes 2 and 3, which are related by a proton transfer, are shown in Fig. 1 . The crystal structure of 3 features a longer Cu-N distance (2.0758(3) Å ) and more compressed Cu-N-C angle (118.46(2)1) when compared to its conjugate base 2 (1.962(1) Å and 136.43(1)1, respectively).z Gunnoe and co-workers have recently reported that the structurally related but neutral complex (dtbpe)-Cu(NHPh) (dtbpe = t Bu 2 PCH 2 CH 2 P t Bu 2 ) has an appreciably shorter Cu-N distance of 1.890(6) Å . We were surprised to find that these adducts are the only characterized examples of Cu I -diazoalkane complexes to be reported, though Hofmann and co-workers have described a formally Cu III -diazoalkane complex resulting from reduction of a chelating diazoalkane unit by a Cu I precursor. 10 The observed N 2 CR 2 (9) Å for 5 and 1.3188(7) for 6), and N-N-C angles (180.000(7)1 for 5 and 176.50(6)1 for 6) that are notably similar to the corresponding parameters for the free diazoalkanes. 11 The Cu-N-N angle of 5 is linear (180.000(2)1) whereas for 6 the angle drops to 156.95(5)1.z For comparison, Hofmann's Cu III -diazoalkane complex has severely bent Cu-N-N and N-N-C angles (123.8(2) and 134.3(3)1, respectively) owing to the reduced diazoalkane ligand. 10 Complex 5 is stable to 110 1C in toluene solutions even in the presence of Lewis acid catalysts. Complex 6 decomposes to a complicated mixture of products when heated in hydrocarbon solutions, and though the product profile simplifies when Sm(OTf) 3 is added as a catalyst, no stable products were isolated from these thermolysis experiments, and no evidence for CuQCR 2 bond formation was detected. The diazoalkane complex (dtbpe)Ni(Z 2 -N 2 CPh 2 ) has been isolated by Hillhouse and co-workers and was shown to extrude N 2 and form (dtbpe)NiQCPh 2 upon thermolysis in the presence of catalytic Sm(OTf) 3 . 12 Perhaps an important distinction to note between this Ni system and the Cu-diazoalkane adducts 5 and 6 is that N 2 CPh 2 binds in an Z . Quantitative conversion to 7 exclusively was achieved by the use of 2 equiv. or more of N 2 CPh 2 , and its assignment as a benzophenone azine adduct was verified by single-crystal Xray diffraction (Fig. 2) .z The N-N bond distance of 1.3962(3) Å in 7 is consistent with the azine N-N single bond formulation. The Cu center in 7 is best described as trigonal planar, as the Cu-N distal distance (2.7649(3) Å ) is much longer than the Cu-N proximal bond length of 2.0166(2) Å . Complex 7 presumably forms from the reaction between the intermediate carbene species 8 and unreacted N 2 CPh 2 ; such C-N bond forming reactions between isolated terminal metal carbenes and diazoalkanes have been observed for metals other than copper. 13 Under dilute conditions, as high as 70% conversion to carbene complex 8 has been achieved. This species features an intense band at l max = 583 nm (e = (est.) 12 000 M À1 cm À1 ) that likely arises from MLCT charge transfer into the CuQCPh 2 unit. Warren has observed an optical transition of similar energy and intensity in the related b-diketiminato CuQCPh 2 species. 5 To cement the assignment of 8 though it is certainly within the range typically observed for terminal metal carbene complexes. 5, 14 As further evidence for the presence of the ''CPh 2 '' carbene functionality in 8, we observed quantitative carbene transfer to CO to generate ketene Ph 2 CQCQO and [Ph 2 BP tBu 2 ]Cu(CO) upon exposure of solutions of 8 to excess carbon monoxide (Scheme 1). Carbene transfer to CO is also characteristic of the Ni and Cu carbenes of Hillhouse and Warren, respectively. 5, 12 Complex 8 did not readily transfer its carbene unit to olefins such as 1-hexene or styrene.
Whereas Warren's b-diketiminato copper carbene complex is stable at room temperature, complex 8 loses Ph 2 CQCPh 2 even at À30 1C. This fact has thus far precluded its crystallization from solution. The b-diketiminato CuQCPh 2 species degrades similarly upon thermolysis. 5 A computational study of 8 was undertaken to probe the Cu-C distance by DFT methods. 15 A diphenylcarbene unit was attached to the [Ph 2 BP tBu 2 ]Cu fragment taken from the atomic coordinates in the solid-state structure of 1. Geometry optimization calculations using various initial Cu-C distances all gave the same optimized geometry, featuring trigonal planar geometries at both the copper center and the carbene carbon atom, with a Cu-C distance of 1.933 Å . Significantly shorter distances have been determined experimentally for the previously reported MQCR 2 (M = Cu, Ni) complexes (1.834-1.859 Å ). 5, 12 It is possible that the long predicted Cu-C distance in 8 is experimentally manifested by the relatively small value for 2 J PC and the significantly deshielded carbene carbon atom. It must however be noted that optimizing the geometry of 8 while fixing the Cu-C distance to be either 1.830 or 2.030 Å gave structures whose energies spanned a range of only 1.0 kcal mol À1 , indicating that the molecule's potential energy surface is quite flat with regard to the Cu-C distance. This work was funded by BP (MC 2 program) and the NSF (CHE-0132216). N. P. M. is grateful for an NSF Graduate Research Fellowship. J. Christopher Thomas is acknowledged for preliminary reaction screening. John Keith gave useful advice regarding DFT calculations, and Larry Henling provided crystallographic assistance. DFT calculations were done at the Materials and Process Simulation Center at the California Institute of Technology. 
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